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ANTIMICROBIAL POLYPEPTIDES Modtaget PVS 
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SUMMARY 

wherein X, = L. I, W or M; X 2 = L, F. W or V X 3 = S G K T » , m n 1 

■ L V ForT X . "! 1 X » =S ' R ' Kw ^ X« = K, M, R, H, I, N or T; X, 2 = A.V 

v ; D; ; v 7 ;^ z - x v " w R x :; * Q - *■ s - R or * x, ° ■ * g - * *• * * 

ie v, i, a or F, 2 - X 17 or X 17 -R-W-L; wherein X 17 = FLRAG vvr mD 

one or mo» corW se<,uences the. dtrec, „ producUon „ „. , » 

In a M aspect the present Invents retates to a method for producing a polypeptide 

* 1 - 
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of the invention, the method comprising- 

zj^zzzzr - - - — — * 

(b) recovering the polypeptide. 
DEFINITIONS 

-JFJZZET* '~ in ,urth8r - — -» - 

Vb JXmO 1 T ^ T ° m "' ^ ** Pre8em ,he tem ™* Pure 

o^rr r a Mypeptide preparauon * ■» -« «% >y * 

other polypept.de matenal with which i, is netively associated flower percentage* H 

wefcht, ae the most 1 % by weight, and at the most 54% by weight). Thus it is preferred that th» 
y by „e,ght of the total polypeptide material ptesent In the preparation and hiqher 

» ^e IT' , ^ M ^ 98% ^ l9aS ' 99% ' a " d at * a "»« 99-5% 

Zo u rr , W < " SC ' 0Sed ^ Preferab ' y a «**■** «• form In 

by nC o wTl b t. aCC0mP ' iSh8d ' ,or ~»«* "X Prepanng me po»pep«de 

PoJeZe-tr ' nan ' me,h0dS ' ^ te ™ -W— «* PU* 

Po^ep„de . synonymous wtth the terms Stated polypeptide" and ■poiypap.de in LLd 

im^m^ma The term "antimicrobial activity Is defined hetein as an activity 
^nt on the tern, "anhmlcrobial- is intended to mean that ta |, a bacterid, and/or a 

^r~ ~oT T ^ ** "** a «— a ^ 
Ce^t to be « T"*" ^ CaPaWe ° f k * 8 baCterial ™ a 

gm^ ^tiJcl thT 88 ^ * ' nhiblBno ^ 

^r^etr^'. Un9iC ' da, " 18 10 158 Undere,00d as "■»* * «"9 toga, 

eel s. The term TunglsWic" is to be understood as capaofe of inhibiting fungal grawth l a 
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*a The term ^ ^ ^ ^ w ^ ^ (|ncMng 
propagate. "on-growtng state, i.e.. that they are not able to 
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137 (2) pp. 167-174 (1991). ' ° f ,mmun ol°gioal Methods. Vol. 

Polypeptides having antimicrobial activity may be caoabte of ,„,.„ ■ „ 
10 living cells of Escherfchfe oo« (OSM 1576) to 1/,7at r T " °' 

aqueous solution of 25%(w/W)- preferlbL ,„ "" n - ' nCUbati0n a ' 20 ' C ln an 

Preferably in an aqueous elton of ^ 10% < W/ *> ; ™" 

solution of of po^ ^ IS™™ " a " aqU80US 

when added in a concentration of irv» ? "* 3 me " Mal Brow,h subslrate ' 

PP. more preferab^^eC ST** ' — - « 
added in a concentrator, of mn ^ ncenirat 'on of 250 ppm; even more preferably when 

• PP. and ,n JTT 12*"" " 8 — " " 

aqueous solution of 2S%(w/w1- orefersblv J * 2 °*° ,n an 

Preferably ,n an aqueoj ,Z2^7Ts " M,on ° f 10%(w/w * ™» 

solution of 0, %( w,w, of « ^ bavmg ^ 

ou^~r:~rir^r a,so be - — * - 

substrate when added ,„ h ° UrS a ' ^ in a "*«*W growth 

~-r,rn^^^ - • 

more preferably when added in a concentration of 100 ll 1 ♦ T ^ 

-*~--rz=rzrz:.-rs; 
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ac* seguene. s h I as a l a Xr to i r ty * "* « «» "*» 

or more amino J£ ^ " M ~" *"* 0 " S 
the one er more am.no !^ "~" CarboX>l ,em,inu8 - "■""-■V 

10 «. r - -T* r - ~* — ■ — - any o, two or 

e ri ses ra K, ra , v lir r wn9 sams chromosomai ,ocus - A »* 

mutations cen be Z Itl™. r V ^ " P *» 8 **» «* «■*■«. Gene 

.5 encoded byaneite.cvartantraler " * 3 

Substantially pure Qotynucleotide- The term ''«*i.h e ^„««.i 
■** ^-toapo^^;^ terete t 7 ^"^^ - — 
•» Its nature, gane.,0 n*u. and is CCToe^L be9n 
sequences and . h a fcnn suitable for uT^l- . "* " "~ C0 *' 9 

20 systems. TOus a subset, genetically engineered ptotem production 

polynucleotide tnaJHTp^T ' ^ 88800,3,611 —r 
we^ a, the most » ™ th T ° % * * - — 6% * 

by weight, at the moat ZT?!„ ? 4% a,the ^ 3 % "y weight, at the most 2 % 

- ~eo.de ^r.rr^^%^2^ p - 

Polynucleobde m eda^ttma n r'"" * **" "* by ° f «• «- 
es a, teas. 94% ^ a n ^■"^ prefe ™" — 

30 pu re , a, laas, « ^^71^ * ^ 9 ° % * — 97% 

OMosed he rei „ are L£»t a sit Tn ^ " ° % ^ ^ "^^ea 

^--*.rr:r!er^rr fl r^r i rr ,he 

- preparation is essentially free of nfhor „ , . ' * the P 0, y nucleo «tle 
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sequence shown as amino acids 1 to 18 of anyone of SEQ .D NO:1 to SEQ ID NO-37 or 
am,no adds 1 to 21 of anyone of SEQ ID N0 :3o to SEQ ID NO:46 as we,, as ge™«c 
man,pu,a,,on o, the DMA encoding the p^ pSde 3. The moCncaf^s) ca ^ 
-aptecementfs, of the amino acid s,de chain,s,. subsfit„«on<s>. dete«on<s, and/or leZZ 
»i or at the amino add(s) of interest inseraons(s) 

COM4; The term "cDNA" when used In the present context. Is Intended to cover a DMA 
moiecule which can be prepared by reverse transition from a mature, spZ 

ZZ 1 m *"" ' *"* bCkS m ^ sequences tha, are £J 

present ,„ the corresponding genomic DNA. The W pdmary RNA ttanscdpf is a Pre cui, 

spiced mRNA. These events Include the removal of intton sequences by a process called 
sptang. When cDNA le derived from mRNA I, thetefore ,a*s intron sequent 

nucleic ZfZfTT' Whe " her6in ' *" ^ " nud8fc add «~ "— a 
^ * S ' n9le " ° r douN «^. which is isolated from a naturally 
occurnn gene or which has been modified to contein segments of nucleic acids ,„ a manner 
J. would no, change exist in naturo. The term nuctelc add consttuc, is sy™nymo7,I 
the term express™ cassette" when the nucleic add construct contains the control sequences 
re,u, re d,orexpress.onofacodingsequenceof t hepresentinven.ion 

Q srtrol sequent; The tern, -control sequences" is defined herein to include all 

eZn^ SeqU8nC8 maybenath ' 80r «° nucleottde sequence 

pTZI p such contro ' 8e,U8noes Mude - " are TOt «- *>■ ***** 

PO^denylabon sequence, propeptide sequence, promoter, signal pepfide sequence and 
**tec„P on terminator. At a minimum, me contro, sequences include a promoter' Z 
banscnpbonal and transiafiona, stop signals. The contto, sequences may be proTed Z 

ZZZZST? ln,r0dU ° infl ^ ~" S »« ««« ^ JZZZ 

TeT T r!' n l rea ' 0n °' nMmaie -«""- —*« e polypeptide, 
which jfff"^ The **-T Is defined herein as a configurafion In 

2 rZ S9qUen ° e 18 aPPr0Pria,e,y ^ a ' 8 POSi0on refa,i - <° *• "ding sequent 
of me DNA sequence such ma, the contto, sequence dirocte me expression of a polepfide. 

^sa^eaoe; When used herein the temi "coding sequence" is intended to cover 
anudeobda sequence, which dirocfiy epedfies me amino acid sequence of its prote roZ 
The boundaries o, me coding sequence aie genetally determined by an open fading ha™ 
which usually begins with the ATG start ™h™ tk ^ reading rrame, 

cDNA «nH ,L V 7 The C ° d ' ng se( " Jenc e typically Include DNA, 

cDNA, and recombinant nucleotide sequences. 

^gssfon: in the present context, the term "expression" includes any step involved in 
the product.cn of the polypeptide Including, but not Kmited to. transcription, pLrans^- 
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DETAILED DESCRIPTION 

Polypeptides Havinr, Atrft^icrehfai Antiwf ^ 

SEQ ID NO.-38 to SEQ , D N^6 ° ^ " am ' n ° 1 t0 21 * "*™ * 

The term "anyone of SEQ ID NO:1 to SEQ ID NO-37" k intend . 
NO-1 «5Pn m ki^.o or-« ... 'nu.j^ is intended to mean SEQ ID 

SECMD^NO'25 17^ Z^' " ^ ^^^S 
Mn J ' SE ° ID N ° :27 ' SEQ ,D N0:2 ». SEQ ID NO-29 SEQ ID 

The term "anyone of SEQ ID NO:38 to SEQ .0 NO:46» b intended to mean SEQ ID 
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NO:38, SEQ ID NO:39. SEQ ID NO:40. SEQ ID MO:41, SEQ ,D NQ42 SEQ IO mo., , Prt 
ID NO:44, SEQ ID NO:45 or SEQ ID N046 ^ SE ° 

,nvan„on composes amino adds 1 «o 18 of anyone o, SEQ ID NO*Tto seq iTh^T 
am,no aclds 1 ,o 21 of anyona of SEQ ID NO.-38 to SEQ ID N046 toaTJ 
ambodlmant, the polypepoda consists of amino acids 1 to 18 o^t . 1 " ^ 
—-a.noacKsl^^^^^ 

s.eo.d t:z 08 up ,he poiypepMes ° f - '~ - «^"«% - 

pretarabTcc^rr " T ^ be artWal ™- ™as. 
prererably consists of, an amino acid sequence that ha* «t th* + u 

Examples of conservative substitutions are within the aroun « f » 

Asp/Glyaswellasthasa";^: ^ ^ Al8,Glu ' an « 

In an Merestlng embodiment of the hvention. tha amho acid changes ate of such a 
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nature that the physico-chemical properties of the polypeptides are altered. For example 
amino acid changes may be performed, which improve the thermal stability of the poiypeptide 
which alter the substrate specificity, which changes the pH optimum, and the ft. 

5 conJiT^ aSP6Ct ' ^ lnVentl ° n re,at6S ! ° P0lyP6ptides havl "9 antimicrobia. activity. 

Tetdld h r amm ° S6qUenCe WhiCh C ° nSiSte ° f 18 ° r 19 ami "° -ids and which! 
extended by the am.no acid sequence R-W-L in an embodiment the amino acid sequence 
con S ,sts of 18 amino acids, in another embodiment the first amino add of the amino acid 
sequence is glycine. 

10 N-terminal eytenginn 

y J**"* 31 exte »»IO" of »he polypeptides of the Invention may suitably consist of 
from 1 to 50 amino acids. preferably 2-20 amino adds, especially 3-15 amino adds, .n one 

em^ZL r'" 81 ^ eX ' SnSl0n d06S n °' an *» <*>■ 

embod,ment me N-term,nel extension comprises a kex2 or kex2-like deavage site as W |„ be 

defined further below. In a preferred embodiment me N-terminal extension Is a peptide 

oompnsmg at least two Glu (E) and/or Asp (D) amino add residues, such as an N-termina'l 

extension comprising one of the following sequences: EAE. EE, OE and DD. 

Kex2 sites 

FW Ho^r I 896 ' e ' 9 " Meth ° dS Vo) 1* O- Goaddel. Academic 

Press inc. ( 199 0). San Diego. CA, "Gene Expression Tedtnology) and kex2-Hke sites ere * 
bas,c recognition ettes (i.e.. cleavage sites, found between the pre^ptide encoding region 
and the mature region of some proteins. 

Insertion of a kex2 site or a kex2-like site have in certain cases been shown to improve 
correct endopeptidase processing at the propeptide deavage site resulting in increased 
protein secretion levels. "«*«ea 

In the context of the invention insertion of a kex2 or kex2-like site result in the 
P0ss,b.l.ty to obtain cleavage at a certain position in the N-terminai extension resulting in an 
an m,crobial po.ypeptide being extended in comparison to the mature polypeptide shown as 
amino acds 1 to 18 of anyone of SEQ ID NO:1 to SEQ ID NO:37 or amino acids 1 to 21 of 
anyone Of SEQ ID NO:38 to SEQ ID NO:46. 

Fused polypaptrHoQ 

The polypeptides of the present invention also include fused polypeptides or cleavable 
fusion polypeptides in which another polypeptide is fused at the N-terminus or the C-terminus 
of the polypeptide of the invention or a fragment thereof. A fused polypeptide is produced by 
fusmg a nucleotide sequence (or a portion thereof) encoding another polypeptide to a 

-8- 
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nucleobde sequence (or a portion .hereof) of fte preeen. Invention. Techniques for producing 
. feaon po*pephdes are Known „ the art, end Indude Ugamg ,he coding eequenoes ^oot 
me pc4ypep.,des so that they am In frame and that expression of the fused polypeptide is 
under control of the same promoters) and terminator Polypeptide is 

5 

PolvnurJanrlito. ajjd NllctenHfo tjaxunt^ , 

which UTT* "T"™ a ' 80 r9lateS ,0 "*»*««" « "ucleoade sequence 

wh cn encodes for a polypeptide of the Invention. In particular, the p^sent invention ZJZ 
pofcnucleowes consisting of a nucleoNe sequence which encode, for a p££T££ 
to invent, Due to me degeneracy „ ^ ^ ^ ^ ^ ~- £ 

»a severe „ UC leo«de sequences encodfcg each o, the po,ypep«des of the InvenL ZZ 

rr f h r, r n * ,ha art nucteo,ides maka * «*■» ■«** «» «^» 

acids of the polypeptides of (he invention. 

15 ammo Idd T"' ' nVen,l0n *° re ' a ' eS * po ^ udeoMes ««* encode fragments of the 
15 amino add sequence shown as anyone of SEQ ID NO:1 to SEQ ID NO-46 that have 

—la, a cv«y. A subsequence of fhe pofrnudeoWes b a nuc,eo«de J£££Z 
one or more nucleotides tan the 5' and/or » end have been deleted 

aan ^T " Uae °° d * Se< " ,enCe ^ ° b,alned b " s,andard **0 Prccedun* ,„ 

attem^ It w,ll be reproduced. The cloning procedures may involve excision and isolation of a 

ZZ2Z T 8 me sequenoe encodins - *— » * 

2 ZTrn T , 8 m0 ' eCU ' a ' ^ in00rPOra "° n " ^ ~ a "' «*» W> « host 

cell where multiple cop«s or donee of the nucleotide sequence wfl. be replicated The 

» ~o„?;z mayteo,8en ^ cDNA ^~^ 

mav J* 00 "* 3 " 0 " °' 8 nUde0,kie «"«""» «»*» e polypeptide of the present invention 
n>ay be necessary for the synthesis o, a polypepWe. which comprts^ an amino add 
sequence ^a, has a, leas, one subnotion, deletion and/or Insertion I compared .lamino 

from ! oa J , N ° :46 - Th6Sa artMal «—* «» *r In some engineered way 

me!2 hT T ^ ' rom " na8Ve «*• ~ ** in spedflc acMy 

thermostability, pH optimum, or the like. =«m ly , 

V be aPPa,am '° ' h0Se Sl "" ed art ** such ^in^tions can be made 
.5 721^1 IT" 5 T 10 ,UnC « 0n " 916 m0,acula « - -o« an acflve 

nudeotlde sequence of me invention, and therefore preferably not subject tomodmcln 
such as subsWon. may be IdemMed accoming to precedes Known in me art. 
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directed mutagenesis or alanine-scanning mutagenesis (see, e.g., Cunningham and Wells 
1989. Sconce 244: ,081-1085). ,„ the latter technique. mutations are Inlrcduced a. every 
positively charged residue in the molecule, and the resultant mutant molecules are tested for 
antimicrobial activity to identify amino acid residues that are critical to rhe activity of the 
molecule. Sites of sutetrate-enzyme interaction can also be determined by analysis of the 
three-d,menslonal structure as determined by such techniques as nuclear magnetic resonance 
analysis oystallography or photoafflnlty labelling (see. e.g.. de Vos eta/.. 1992. Science 255- 
306-312; Smith eta/.. 1992, Journal of Molecule Biology 224: 899-904; Wlodaver ef at. 1992 
FEBS Letters 309: 59-64). 

h TOT"' 3 Se " UenCe enCOdln9 3 ""to-P"* <>' »° P«eent invention may 

be modified by Introduction of nucleotide substitutions which do not give rise to another amino 
acd sequence of the polypeptide encoded by the nucleotide sequence, but which correspond 
to the codon usage of the host organism Intended for production of the enzyme 

J he **»*«*>" « ° mutation into the nucleotide sequence to exchange one 
nucleate tor another nucleotide may be accomplished by Mw mutagenesis using 
any of the methods known In the art. Particularly useful Is the procedure, which utilizes a 
supereorled double stranded DMA vector with an insert of interest and two synthetic primers 
~nta™ng the desired mutation. The oligonucleotide primers, each complementary to opposite 
tfrands of the vector, extend during temperature cycling by meens of Ptu DNA polymerase 
On i incorporation of the primers, a mutated plasmld containing staggered nicks is generated: 
Followmg temperature cyclirig. the product Is treated with Dpnl which Is specific tor methylated 
and hem,memytated DNA to digest the parental DMA tempiate and to select for mutation- 
eontarnlng synthesized DNA. Other procedures known In the art may also be used For a 

Nucleic Aciri r^ntip 

The present Invention also relates to nucleic acid constructs comprising a nucleotide 

30 ZTT * PreSen ' inVentt0n ° Perably 10 0ne « ™™ ^uences mat 

H n 'TT' 0 " 01 *" Se<,UenC9 3 SUl,ab,e host - — -nd*ni 

compatible with the control sequences. 

A nucleotide sequence encoding a polypeptide of the present invention may be 
manipulated in a variety of ways to provide for expression of the polypeptide. Manipulation of 
the nucleotide sequence prior to Its insertion into a vector may be desirable or necessary 
depending on the expression vector. The techniques for modifying nucleotide sequences 
utilizing recombinant DNA methods are well known in the art. 

The control sequence may be an appropriate promoter sequence, a nucleotide 

-10- 
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sequence which is recognized bv a h« e * * 

pnomotar sequence cJLns Z^IT , T °' * ~»"»~ Tte 

of .he polypeptide The pJTrZ,! "I""* "** *» "W- 10 " 

» be obtained from genes enldl 1 ! ' hyMd pra ™*»* -ay 

c=ns^ a ;te ti?^r; tere ,w * anscr * > " on * - «— « 

obtained from .he £ 0^1™ IT" ' ^ ^ °* are *• ' rom °<- 

^Further promotere are h . Usefu) JHtt 21 

Scientific American, 1980, 242' 74-94- an rf in <s am k , , , ni Dactena in 

w.^. ^»4,andin Sambrooker a/.. 1989, sop/a 

Aspergillus orvzae a lk*iin e ^ . y 6 {g,aA) ' Rh ™mucor miehei lipase. 

and mutant truncated and huh** * Phosphate isomerase), 

.uidiH, iruncaiea, and hybrid promoters thereof 
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Preferred terminators for filamentous fungal host cells are obtained from the genes for 
Aspergillus oryzae TAKA amylase, Aspergillus niger glucoamylase, Aspergillus nidulans 
anthranilate synthase. Aspergillus niger alpha-glucosidase. and Fusarium oxysporum trypsin- 
like protease. 

Preferred terminators for yeast host cells are obtained from the genes for 
Saccharomyces cerevislae enolase. Saccharomyces cerevisiae cytochrome C (CYC1) and 
Saccnaromyces cerevisiae glyceraldehyde-3-phosphate dehydrogenase. Other useful 
terminators for yeast host cells are described by Romanes et a/., 1992. supra. 

The control sequence may also be a suitable leader sequence, a nontranslated region 
of an mRNA which is important for translation by the host cell. The leader sequence is 
operably linked to the 5' terminus of the nucleotide sequence encoding the polypeptide Any 
leader sequence that is functional in the host cell of choice may be used in the present 
invention. 

Preferred leaders for filamentous fungal host cells are obtained from the genes for 
Aspergillus oryzae TAKA amylase and Aspergillus nidulans triose phosphate isomerase 

Suitable leaders for yeast host cells are obtained from the genes for Saccharomyces 
cerevisiae enolase (ENO-1). Saccharomyces cerevisiae 3-phosphog.ycerate kinase 
Saccharomyces cerevisiae alpha-factor, and Saccharomyces cerevisiae alcohol 
dehydrogenase/glyceraldehyde-3-phosphate dehydrogenase (ADH2/GAP). 

The control sequence may also be a polyadenylation sequence, a sequence operably 
linked to the 3' terminus of the nucleotide sequence and which, when transcribed, is 
recognized by the host cell as a signal to add polyadenosine residues to transcribed mRNA 
Any polyadenylation sequence which is functional in the host cell of choice may be used in the 
present invention. 

Preferred polyadenylation sequences for filamentous fungal host cells are obtained 
from the genes for Aspergillus oryzae TAKA amylase. Aspergillus niger glucoamylase 
Aspergillus nidulans anthranilate synthase. Fusarium oxysporum frypsin-like protease, and 
Aspergillus niger alpha-glucosidase. 

Useful polyadenylation sequences for yeast host cells are described by Quo and 
30 Sherman. 1 995, Molecular Cellular Biology 1 5: 5983-5990. 

The control sequence may also be a signal peptide coding region that codes for an 
ammo acid sequence linked to the amino terminus of a polypeptide and directs the encoded 
polypeptide into the cell's secretory pathway. The 5' end of the coding sequence of the 
nucleot.de sequence may inherently contain a signal peptide coding region naturally linked in 
translation reading frame with the segment of the coding region which encodes the secreted 
polypeptide. Alternatively, the 5' end of the coding sequence may contain a signal peptide 
cod,ng region which is foreign to the coding sequence. The foreign signal peptide coding 

-12- 
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region may be required where the coding sequence does not naturally contain a siona, oeot.de 
coding reg»n. Al.ema.very. the foreign signs, ^ Mdlng reg Jrl JZ!^! 
nature, signa, peptide coding region In order to enhance Z^JT^Z T 
However, any elgna, peptide coding reg!on whfch directa the e^presseo- ^p^ZTe 
• eecreton, pamway o, a host ce» o, chotce may be used In the present ,nvenC 

codmg ssriti's^sTrr s i me ^ 

lactamase, 8ac///us stearothermophilus neutral proteases fnorr „ nf c , A , 

protemase. Hum,co/a ,nso/ens cellulase. and Hum/cofe fen u 9/nosa ^ 

Useful signal peptides for yeast host cete are obtained from the genes for 

a pcjs: r D ~r e and propepMe re9,ons ~ * *• -*- —» - 

erne*!?, r "! dSSlrab,e 10 " M re9Ula, °^ SW|Uences «** «» regutetlon of the 
vea<st »ho ahuo . "iciuoe me /ac, fac, and frp operator systems In 
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glucoamylase promoter may be used as regulatory sequences. Other examples of regulatory 
guanoes are those whioh aliow for gene ampfflcaton. ,„ eukatyotlc systems. these ,11 

™ZT , ^ ^ fe ^ " ' he - — and me 

meto,lo,h,onein genes which ana ampHfled with heavy metats. In these oaaea, the nuc.eo.lde 
5 sequence encoding the po,ypep U de wouk, ha oparably linked with ma regutto* seZnT 

Expression \Aa/*r>rc 

The present invention also raie.es to recombinant expnassion vector, comprising .he 

.0 det b Th COnS,^UC, °' "~ ^ Vari ° US «» « «*- ^--s 
10 ^-bed above ^ ta Jokled ^ , Q produce a recombinant ^ 8 

HIT L ' meMOn ^ b6 8XPreSSed by ,nsertl "9 *° «* Beduence or 

is oreabng .he expression vector, .ha coding sequence is located in me vector so Jthe coding 
sequence is operably iinKed with .he appropriate oon.ro, sequences for expresskT 

The recombinant expression vector may be any vector (e.g.. a plaamid or virus) whioh 
can be oonventenay subjected to tecombinan. DNA procedures end oen bring abouTme 

oompabb,!^ of the vector wim me host cell into which me vector is to be inboduoed The 
vectors may be linaer or closed circular plasmids. mroauced. The 

extraohrr^,^ * aUt0n0mously "■*■»■ "otor. a vector which exists es an 
TTTT * ^ rePllCa "° n ° f 18 indePenden, " *»"»»"- rep,,ca«on, 
» s^mL^T a " eXtra0hramOSOmal — * a "■^romosome. or en artificial 

vector The h Ve< * ,r COn ' aln ^ meanS *" asSUrin9 ^epNoadon. Altarneliveiy, the 
Z^Z r *■ ,n,TOiUCed ' n, ° *• ^ C8 "' te "■»»" *"> - Sanome end 

single vector or plasnud or two or more vectors or piasmids which together contain the total 
30 DNA to be Educed into the genome of the host call, or a transpose* may be used 

which J^T*"" 1*! ^ ' nVen,l0n pre,erab "«'" al " «• "more selectable merkers 
«M pemtteaey section of banaformed ceiis. A selectabie marker is a gene the product of 

Bacf/te Soften**™, or merirers whioh confer antibiotle distance euoh as amoidflin 
^amyoin. chio.mphenfco, or ,etracyo»ne resistance. SuHabie markers ,TyZ Z 2 
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are ADE2, HIS3, LEU2, LYS2, MET3, TRP1. and URA3. Selectable markers for ^ ,„ . 
»amentoue fonga, host „ indwle , M are no , ||mited to ^^IT ^ 

Phosphobansferase). ™eo (mtrete reductase), pyrts (orotidlne-5M>hosphate decarbLlase) 

17,0 (an,hranl,a,e * M - " «"*— • ~ 
Preferred for use In en Aspe/gfflua cell are the smdS and py«3 genes of Asm*™* 

«**. . Aspect o^ae and the bar g ene of *reptomyces " 
The vectors of the present Invention preferably contain an elements that nam,,* 

vector in the cell independent of the genome. 

~JZ£TZ *" ** flen ° me - TOCtor ™" ^ °" the nuceoude 
m^fote D ? T!" ° r ^*-^'°' the vector for steb^ integrate, 

£ ^r 1 ^ "* h0m ° l0fl0U8 * n " h »»^ ^combination. Alemabvely, 
«» vector may contatn addittonal nuc.aot.de sequences for directing integration bv 

sequences enable the vector to be Intogreted into the host cell genome at a precise locate) 
n me *romosome<s>. To Increase the likelihood o, intern a, a precfee tie 

Z » ' ' " ^ 400 10 1 *° b8Se •»*■■ a ™" «* P-Bferably 800 to 1 SOu 

tZCTJZ, homo,090US * 0,6 C0 ~ 9 ter9et * - ~ 

sequent 2 * .TT^ -""'"nation. The Intentional elements may be any 
p!rr k ^ *• "«* SK|uen » *> •» aenome of me host J 

s~onl'otrH , r men,S ^ te """"""^ " «— ■ ~ 

enabling T ^^7^^,17" 1^ 

PACYC177. and PACYC84 pending relation In £ co ft and pUBHO pElof B ™ 

yeast host cell are the 2 nttcron ortgln of replication, ARS1, ARS4, the combination of ARS1 
and CEN3, and me combtoadon of ARS4 and CEN6. The origin of repltoa Zl bTone 

M , \T? WhlCh ** ' UnC,IOnina -P-"— sKive ,n the hToZT.T 
Ehrilch. 1978.P roo aed, ngsof<fteAte(tols;> , carf8myofScfeneesOS/(75 ^ 06,1 < s8e ' *»• 

into .h^. T °° Py * 3 nUCle °" de Sequence of ■» 'nation may be Inserted 

of me nuctoo.de sequence can be obtained by integrating at toas, one addi«ona, 
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sequence into the host cell genome or by including an ampiiflable selectable marker gene with 
the nucleotide sequence where cells containing amplified copies of the selectable marker 
gene, and thereby additional copies of the nucleotide sequence, can be selected for by 
cultivating the cells in the presence of the appropriate selectable agent. 
5 The procedures used to ligate the elements described above to construct the 

recombinant expression vectors of the present invention are well known to one skilled in the 
art (see, e.g., Sambrook era/., 1989, supra). 

Host Ceils 

10 The present invention also relates to recombinant a host cell comprising the nucleic 

acid construct of the invention, which are advantageously used In the recombinant production 
of the polypeptides. A vector comprising a nucleotide sequence of the present invention is 
introduced into a host cell so that the vector is maintained as a chromosomal integrant or as a 
self-replicating extra-chromosomal vector as described earlier. 

The host cell may be a unicellular microorganism, e.g., a prokaryote, or a non- 
unicellular microorganism, e.g., a eukaryote. 

Useful unicellular cells are bacterial cells such as gram positive bacteria including, but 
not limited to, a Bacillus cell, e.g., Bacillus alkalophilus. Bacillus amytoliquefaciens, Bacillus 
brevis. Bacillus circulans. Bacillus clausii, Bacillus coagulans, Bacillus lautus, Bacillus lentus, 
Bacillus licheniformis, Bacillus megaterium, Bacillus stearothermophilus, Bacillus subtilis, and 
Bacillus thuringiensis] or a Streptomyces cell, e.g.. Streptomyces IMdans or Streptomyces 
murinus, or gram negative bacteria such as E. coll and Pseudomonas sp. In a preferred 
embodiment, the bacterial host cell is a Bacillus lentus. Bacillus licheniformis, Bacillus 
stearothermophilus, or Bacillus subtilis cell. In another preferred embodiment, the Bacillus cell 
25 is an alkalophilic Bacillus. 

The introduction of a vector into a bacterial host cell may, for instance, be effected by 
protoplast transformation (see, e.g., Chang and Cohen, 1979, Molecular General Genetics 
168: 111-115), using competent cells (see, e.g., Young and Spizizin. 1961, Journal of 
Bacteriology 81: 823-829, or Dubnau and Davidoff-Abelson, 1971, Journal of Molecular 
Biology 56: 209-221), electroporation (see, e.g., Shigekawa and Dower, 1988, Blotechniques 
6: 742-751), or conjugation (see, e.g., Koehlerand Thome, 1987, Journal of Bacteriology 169- 
5771-5278). 

The host cell may be a eukaryote, such as a mammalian, insect, plant, or fungal cell. 
In a preferred embodiment, the host cell is a fungal cell. "Fungi" as used herein 
35 includes the phyla Ascomycota, Basidiomycota, Chytridiomycota, and Zygomycota (as defined 
by Hawksworth et a/., In, Ainsworth and Bisby's Dictionary of The Fungi, 8th edition. 1995, 
CAB International, University Press, Cambridge, UK) as well as the Oomycota (as cited in 
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Hawksworth et a/., 1995, supra, page 171) and all mltosporlc fungi (Hawksworth et el 1995 
supra). "» l ** 0t 

In a more preferred embodiment, me fungal host cell Is a yeast cell. "Yeast" as used 
herein includes ascosporogenous yeast (Endomycetales). basldiospcrogenous yeast and 
yeast belonging to the Fungi imperfect, (Blastomyces). Since the classification of yeasi may 
change In the future, for the purposes of this invention, yeast shall be defined as described in 
Biology and Activities of Yeast (Skinner F A P««™™» <=». .. ~ u <*>cn°eo in 

«v *~ a . . . _ l° Mn ™ r . Passmore, S.M., and Davenport, R.R., eds, 

soc. App. Bacterid. Symposium Series No. g. 1980). 

In an even more preferred embodiment, the yeast host cell Is a Candida. Hansenula 
Kluyvemmyces. Ptchia, Saccharomyces. Schlzosacchawmyces. or Yarowfe cell 

-M. \ T PrB,erred emb0diment *• »— « I"*' - Is a Saccharomyces 
dt2TT\ SaXlK " mVeea — «*•• Saccharemycas d/aafe^s, Saccharemyces 
dougaa,,. Saccharemycea k/uyverf. Saccfta^rycas norWe or Saccharem^aa ov/fcmrfc 
cell, in another moat preferred embodiment, the yeast host cell is a Kluyveromyces feeds call. 
In another most preferred embodiment, the yeast host cell Is a yamrrafa lipolytic* call 

in another more preferred embodiment, the fungal host call Is a fiiamentous funga. call 
«~» «-*■ '"dude a„ filamentous fonns of the subdivision Eumycota and Oomycota 
&a defined by Hawkeworth af a/.. 1995, sup*). The filamentous fungi are charecterfzed by a 

ZZ*7\"T" " Ce " U '° Se - Cn " 0San ' , ™ a "° — ' °° m P'« 

poiysacchandea. Vegetative growth is by hypha, elongation and careen catahoiiam la 

objga^aerobio. in centres,, vegetative growth by yeaats auch aa Saccharemycee cerev/sfae 
" y bUddln9 of a unicellular and carbon catabotism may be fermentative 

in an even more prefened embodiment, the filamentous fungal boat ceil Is a cell of a 
spedea of. but not limited to, Acremonlum, Aspenjllius, Fusarlum. Humlcole Mucor 
MycetophthoK, A/eurespora. PenlcWIum. Thlelavla. Tolypodadlum, or TObhodemra 

In a most preferred embodiment, the filamentous fungal host cell Is an Aspenjillus 
avamon AspenjKus foetldus. Aspergillus Jeponlcus. Aspem* nidulans. Aspergillus nlgeror 
Aspe^us oryzae cell .„ another moat prefened embodiment, the filamentous fungal host 

cllm f ^ PuSarim «— * creokwef/ehse. Fusarlum 

o*no»m. Fuaanum granUnearum. Fusadum graminum. Fusadum Merosporum. Fusarlum 
neeund, Fusanum oxysporum. Fusarlum reOculatum. Fusarlum mseum, Fusadum 
aambucktum. Fuaa*m samocftreum. Fuaadum spomWcfr/oWea. Fusadum sulphureum 
Fusenum tonJosum. Fusarlum tdchothecloldes. or Fusarlum venenata cell. In an even moat 
preferred embodiment, the filamentous fungal parent cel, is a Fusadum venenatum (Nlrenberg 
ap. nov ) cell. ,„ another most preferred embodiment, the filamentous fungal hoat cell is a 
Humrcofa rnao/ena. Humkola lanuginosa. Mucor mfehe/, Myceliopmhora thermophlle 
Neurospora crassa. PenlOllum puvurogenum, Thielavia terrestrls. Trlchoderma harzlanum. 
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^7 *''''** TriCh0aema — l or rrfohodemra 

Fungal cells may ba transformed by a process involving protoplast formation 
^ans formation of ma profopfoste. and regeneration of the cal, wa. In a rln^n JZTse' 
^procedures for fransforma.on host calis are descrtbed , E "o« 

and , Y»n ef a,.. 1984. ^ceadtngs of me Afalfona, „oedem y of Scfeaces « 8 1M4^ 
474. Suttabie methods for ,ransfom,,ng Fusarium specte8 are descnbed by ™° 
1989. Gene 78: 147-158 and WO 96W.787. Yeas, may be transformed J£Z£L 
^cnbed by B ecker and Guarente. ,n Abelson, and Simon. M.I., edifors 
eana.cs andAfofocutarBfofogy. Metooto „ e „ 9y , Volume 1B4> ,^ * ~ 

oTf^UTmt 9 ! * 1983 ' 153: £ - ££££ 

1978. Rmceed/nga of ma National Academy of Sciences USA 75: 1920. 
Methods of Production 

The present invention also relates to methods for producing a polypeptide of the 

zirr r mp,feinfl (a> ^ a hMt - — ^rii,: z 

product™ of the polypeptide; and (b) recovering the polypeptide 

in the production methods of the present invention, the cells are cultivated in a nublent 

example, the cell may be cultivated by shake flask cultivation, small-scale or lame-scate 

Tz^rr eon,inuous ' ^ • «*« — *— » 

POlypepbda to be expressed and/or isolated. The cultivation takes place in a suitable nublent 

in t a^ZTn; ^ ni ' r08en S0UraS ,n0r9anlC ^ ^ 
the art. Suttable media are available from commercial suppliant or may be prepared 

ZZZ «TT C ° mP08i " 0nS <ft9 - — * «» Amedoan CTJre 
» •» Polypeptide is secreled info me nutrien, medium, the poiypepl can be 
recovered directly from the medium, if the polypeptide is not secreled it J! h ! 
from cell lysales. secreted, it can be recovered 

The polypeptides may be detected using methods known in the art that are specific for 
1** ^ «— » — * ™» Mud. use o, specmc andbod* 
of an enzyme preducl, or disappearance of an enzyme substrate. For example an eZme 
assay may be used ,o determine ma aCvity of the polypepbde as descrtbed herefo 

The resulting polypeptide may be recovered by methods known in me art. For 
exam le, the polypeplide may be recovered from me nutrient medium by convenbona 

rot"! i 9 ; but not limileo ,0 ' cen " WJ9a,lon ' mra,i °"- "n Z££ 

evaporation, or precipitation. ««ying, 
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The polypeptides of the present invention may be purified by a varfeh, 
Known in the art including, but not limited to, chromatography ^ZlTT^ 
hydrophobic chromatofocusing, and si. e^^lll^ Z^Zs ^' 

■ ~ E r ::: c :r; n9> * differenMai ^ a — ^^z. 

^Z^JZX^ — ' - — and L ars Ryde , 
Plants 

•„ 69 - ' mPTOjn9 nU,mi0na, and rheotogi* 

I be 1 , " ant "" 1,r '" Ve Mor - 1,16 * ». P'an. or plan, par, 
may also be used to .mprove or alter digestive flora in animals and livestock 

monoco^ E « n rnT^ P ' an, " te ° > ^ m ^ < a - monocotyiedonous (a 

maw* Examples of monooo, plams are grasses, such as meadow grass (blue grass 

e g J^rr r c r ^ ^ — • — - « car: 

e.g., wneat, oats, rye, barley, nee, sorghum, and maize (com) 

pea cJaT T "J** " W "°* ^ Sl * ar as lupins 

m^ed an^rtr; "? ** — *— * such as oau» Z' 

rape seed, and the closely related model organism Anbldopsis (AaSana 

Examples of plant parts are stem, callus, leaves, root, fruas seeds and ,„h™ a, 
plant ti88uea , such as chtoropIast apQplast mltocho^na ^, ^ 
cytoplasm are considered to be a plant Dart Fnrth^rm™ , Peroxisomes, and 

origin. b consider to be a pfan. part ' "* °* ""^ ,i8Sue 

n«JZZZl l e co e d pression r'™" ,s a nudeic acw — * 

approprtlZIZ 2 3 P0 *T b °' *" Pre8en ' operab * «* 

PPfopnate regulatory sequences required for expression of the nucleotide sequence In the 



plam or plant par. of choice. Furthermore, the expression construct may comprise a selectable 
martcer ueeful for Identifying host cells lnto me expression ^ been ^ 

end DMA sequences neceseary for introduction of the construct into the plant In question (me 
latter depends on the DNA introduction method to be used). 

The choice of regulatory sequences, such as promoter and terminator sequences and 
optonally signal or transit sequences is detetmlned, for example, on the basis of when, where, 

and how the polypeptide is desired to be expressed. For instance, toe expression of the gene 
encode a pcypep^ of „, e ^ ^ ^ ^ ^ 

developmental, stage or tissue specific, and toe gene preduct may be taqjeted to e specific 

TUl ^ P8rt "* " " ' eaVeS - Re9Ula, °^ Se " uencea are ' ** 

descnbed by Tague ef a/.. 1988. Plant Physiology 86: 506. 

Ce » „ F ZT^T 8XPreSS '° n ' ^ 3SS " CaMV Prem ° ter may be Usad < Fra "* <* 1 980. 
Ce» 21: 285-294). Otgan-specific promoters may be, for example, a promoter from storage 

G L,T^™ POta, ° M>e ' S ' •* (EdWartS & "«"• 

~ ,f™"' mm meteb °" C ** ^ SUCh 88 meriStams < lto *< a '- «* «** 
*W M 24: 863*78), a seed specific promoter such as the glutelln. prolamln. globulin, or 

■tan promoter from rice (Wu ef a/.. 1998. Plant an* Ce» Physiology 39: 885-889,. a VM. 

STTT !T. * 6 te9Um ' n 84 UnknMm EMd 9ene horn Wc/a feba 

(Conrad ef a/., 1998, Jouma/ o/P/am Physfofogy , S2 : 708-711). a premolar from a seed oil 
body prete,n (Chen ef a/.. 1998, Plan, end Ce» Physiology 39: 935-941). toe storage pretein 
napA promoter from Bressfca napus, or any other seed specific promoter known in toe art 
•*. as descnbed In WO 81/14772. Furthered, toe promoter may be e leaf specific 
premoter such as toe rocs premoter from rice or tomato (KyoatKa et a,., ,993. Plant 
Phys^ogy 10* 991-1000. toe chiorella vims adenine methyltransferese gene premoter (Miba 
and H,gg,ns. 1994. mm, Moloch Bto/ogy 26: 85-93). or toe a/CP gene premolar from rice 
(Kagaya e< at. 1995. Molecular and Genera/ Genetfos 248: 668-674). or a wound inducible 
premoter such as toe potato pin2 premoter (Xu ef a/., 1 993. Pfeaf Molecular Biology 22- 573- 

A premoter enhancer element may also be used to achieve higher expression of the 

P,ant FW inS,8nCe ' ' he Prom ° ,er 8nhancer element ™* ba a " which is 
Placed between toe premoter and toe nucleotide sequence encoding a polypeptide of the 
present invention. For inslance, Xu at a/.. 1993. supra disclose toe use of toe firs, intren of the 
rice actin 1 gene to enhance expression. 

The selectabfe marker gene and any other parts of the expression construct may be 
chosen from those available In the art. 

convent^T * ' n, ° plant a °»™»* *> 

conventional techmques known In the art, including ^hacterfum-mediated transformation, 
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virus-mediated transformation, microinjection, particle bombardment, biolistlc transformation 

8: 535; Shimamoto ef a/., 1989, Nature 338: 274). 

Presently, Agnbacterium (un^ac/ens-medlated gene transfer Is the method of choice 
I 9 "", o n , 9 ,' ranS9en ' C ** 8 ^ 566 and »**"«*. «W 

aTTcTT r 15 " 38) - However " ran also be used ** ™™»*. 

MM of cho.ce for generating transgenic monocots la particle bombardment (mlcrosccplc 
goWor tungsten partJclas coated with the forming DNA) of embryonic caiil or developing 
embryos Chnstou. 1992. Ptent Jeume, 2: 275-281; Shimamoto. 1994. Current OpLn 

ZTTT , 158 " 162i VaS " 61 1 " 2 ' *^*«*W 10: 667-874). An aKemadve 
method for transformation of monocots la based on pretoplast transformed as described by 
Onwulleheiel, 1993, Pfant/ltotecu/arBfo/ogy21:415-428. 

Following transformation, the transformants having Incorporated .herein the expression 
construct are selected and regenerated Into whole plants escorting to methods well-known In 

Drae «n, The T* lnVen "° n alS ° ^ to me ' h0<IS *" I"*"*." P«Wde of the 
present ,nvan»on comprising (a, cultivating a transgenic plan, or a plant call comprising a 

nucleoids sequence encoding a polypeptide having antimicrobial activity of the present 

nwenaon under conditions conducive for production of me polypeptide: and (b) recovering the 
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Compositions 

in a still further aspect, the present Invention relates to compositions, such aa 
Pharmaceutical compositions, comprising an antlmicrebiat pofrpeptide of the Invention 

The composition may comprise a polypeptide of the invention as the major polypeptide 
component, e.g.. a moro-component composition. Alternatively, the composition may 
compnse mulhple enzymallc acuvities, such as an aminopeptidase, amylase, carbohydrase. 
ca ro oxypept.daee. catalaaa, oeiiulase, chitinase, cutinaae, cydodext* glycosyltransferase. 
deoxynbonudease. eaterasa. alpha-galactoaldasa. beta-galactosidase. gluccamylase, alpha- 
£ST"\ "aloperoxidase. invertase. laccase. *ase. mannoaidase. 

ITT. enZyme ' pep,id09lutami " ase - I""*-* Phytaae. polyphenoloxldase. 

proteolytic enzyme, rlbonuclease, transglutaminase, or xylanase. 

as an J lT V m " ,al ' ^ ° 0mP,ISe ^ I*™—*** "live agent, such 

Z£Z? m lf~T r '~* such 35 ano,her an,imicrob,al <*"»l** —9 

anhmicrob a, acbvty as defined above. The btoclda, agent may be an antibiotic, as know* In 
the art Classes of antibiotics include penicillins, e.g. penicillin G. penicillin V, methiclllin 
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oxacillin, carbenicilHn, nafcillin amnion 

MM* cepha.osportt e T *' C r ^ C ° mbina ' i0n «* 

carbapenen*; mtJLl^^L m °* a,aC,am - ^ 

5 1H,ne,hop„,n; vancon,^; arCLr , 1 mB,r0nldazote = I—**: 
«-»«ln»^„J^ ~ - — ■ e-9. mlconazol, 

a^u r: r soiu,,on ° f ,% < w ** — — * - - 

-5 blodda! agant. P " , "* r " *" aqueous «**» of 0.1%(w/w) of ma 

concern^ of 1000 Z if J" " ^ SUb8,rate ' *<™ •** h a 

20 concentration of 100 PPm - nx*! Zl™, T P " S ' erably whan added ■» » 

Pa^a, ^en addedT 3 C °~" * " « « » 

25 solution of 5%(w/w)- even mnr* n™^, k. , preferably in an aqueous 

■n an ^ J.ZZ^^ZZT " '"~ "* 

the blocldal agant. Partl ° U,ar " an aqueous s< *" io " <* °-1%<w*») of 

0 ooncentra Jo, ,000 pi Ifl h T "™* «*" addad • 

Prefab whe „ a — of 500 ppm; 

concent of 100 ppnv ZtTl JT PPm; """ prefara *»"en added in a 
P— **en addedTa ;lCTof r:r d ' ~ " * *> « - " 



1M96.000-DK 



5 



10 



15 



20 



25 



30 



20 C in on aqueous solution containing 50% wAv (preferably 25% w,w. more preferably 10% 

V*™** are <-* « OMM* a. teas. 10%)^ man 

compare^ 10 what is obtained by adding the results of sepa ra ,e .nouballon, wit ZT^da 
agent and the antimicrobial p 0l ypeptlde alone. I.e. a elmple additive effect 

selected^ TUT" *" **** °' "W -» be 

^ no son 7T* " * ** <DSM 1576) 8 ' ^ 8 mfcroWal ~bstrs,e 
oomarung 500 PP m (preferab* 25 0 ppm. more pre ferab* 100 ppm , mos , p 5Q 

of the ta» a, agent and 0.5 ppm (preferably 0.1 ppm, of me antimicrobla, po^pep S de are 

5% , (preferawy a ' l8as ' 10%) ,on9ar « ma - ■» I'/obt',^ 

polypeptide alone, i.e. a simple- additive effect. 

selected^ TT* U ?* mm ' bi0Cldal a98n ' °* * e ™* olao be 

laT^c IMng ^ " SUW " S (ATCC <*» 1 0 

nun at 20 C ,n an aqueous solution containing 50% w/w (preferably 25% w/w. more preferably 

TaT' T r * 5% WM °' ^ bi0ddal a8e "' and 0 5 » m ".I ppm) « 

Hd? h rr*- are reouced at teas * 5% <prefera ^ - ™ 

,h ^ ' S 60 * "•*■ ^ " Sapara,e *»> t"e blockla, 

agentand the anbmicrobial polypeptide elone, I.e. a simple additive effect 

setecJ^rT 3 " 0 C ° mPOnenl ^ bi ° Cldal a9en ' 01 *» ™* — "e 

selected ao ma me outgrowth o, a«ta aubt*. (A TCC 6633, a, 25'C In a microbia, grow* 

50 ppm, of the brocrdal agent and 0.5 ppm (preferably 0.1 ppm) of the anHmioobla. 

P 2 S :ZZ a ' ,8aS ' * 18881 10% > *» *- ~t 

«M . MM by adding me results of separate incubations with the blockla. agent and me 
antmcrobial polypeptide alone. i.e. a simple additive effect 8 tana me 

The compositions may comprise a suitable carter material. The compositions may also 
«mpnse a sultabie deifcery vehlcie oapabie of delivering the antimicrobial polypepZ of me 
invent™, to the desired locus when me composWons are used as a medicamenT 

The compositions may be prepared In accordance with methods known in me art and 

be " me fom, of e granulate or a mJcrogranulate. The polypeptWe to be included In me 
composta, may be stabilized in accordance with methods known in me art 

HmJTTZ are 9 T b8l0W " Pref8rre ° US8S ° f ^P* 6 ^Positions of me 

under wH,ch me composlbon ,s used may be determined on me basis of methods known in me 
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Methods and Uses 

The pi^ent Invention a ,so encompasses various uses of the antimicrobial propeptides 
of the invent™. The antimicrobial polypeptides are typically usefu. at any .ecus subject to 

rrr .* baaa * a - ° r a * ae - »• « are * ~ «* 
zzsrr sy ? ms • iaund,y rinse ^ °" sys,ems su * - *. »«-*. o» 

flete and the like, where microorganisms need to be killed or when* thelr growm needs to be 
controlled. However, me present Invention may also be used In all applications for which 
knowr , an, m ,crob,a> compositions are useful, such as protection of wood, latex, adhesive. 
10 glue, paper, cardboard, textile, learner, plastics, caulking, and feed 

Other uses include preservation of foods, beverages, cosmetics such as lotions. 

ZTLTl; ^ ShamP0 ° S ' C ° nd " i0nerS ' «*■»■*■*. mouth 

wash, contact lens products, enzyme formulations, or food ingredients 

16 ,„ • T" an8mi0r ° blal •"""■"P' 1 ** * •» invention may by useful as a disinfectant, 

ante! , T " 8Cne ' ' nfeC,i0nS ^ 6ye ° r me **> W=«ons ; In 

en.,pers P , ra „ te 0 r deodorants; In foot bam salte; for cleaning and disinfecBon of contact 
lenses, hard surfaces, teeth (oral care), wounds, bruises and the like 

In general it is contemplated that the antimicrobial polypeptides of the present invention 

20 7 r'" 8, dlS ' n,aCBn9 " inhWn9 miCr0btel » a ^ -face. 

7! T ' WhlCh "** adrantaa ^ b. contacted with me antimicrobial 
polypeptides o the Invention are surfaces of process equipment used e.g. daHes, chemical or 
Phamraceutcal process pfcnts. water sanitation systems, oil processing piants. paper pulp 
processing plante, water treatment plan*, and cooling towers. The antimicrobial pc*pep«des 

25 t^TlT" bSUSea,nan amoul * * for cleaning, disinfecting or 

25 inhibiting microbial growth on the surface in question. 

Further, it is contemplated that me amlmicrobial polypeptides of me invention can 
advantageously be used In a cleanlng-ln-placo (C.I.P.) system for cieaning of process 
equipment of any kind. process 

The antimicrobial polypeptides of me invention may additionally be used for cleaning 
30 surfaces and cooking utensils in food processing plants and In any area In which food is 
prepared or served such as hospitals, nursing homes, restaurants, especially fas. food 
resteurante. deteatessens and me like. I, may also be used as an antimicrobial in food 
producte and would be especially usefu. as a surface antimicrobial in cheeses, fruits and 
vegetables and food on salad bans. 

55 paints. U ^ a,S ° ^ ^ 38 9 Pr6Se,Vati0n agent or a dlsinfec «°n agent In water based 

. The antimicrobial polypeptides of the present invention are also useful for microbial 

-24- 
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control of water lines, and for disinfection of water, in particular for disinfection of industrial 

Wat©r. 



The invent™ also relates to the use of en antimicrobial polypeptide or composition of 
he invent™ ae a medicemen,. Further, en antimicrobial polypeptide or composition of the 
»•*» may elso be used for the menufactore of e medicament for coring or combed 
microcosms, such es tungat organisms or bacteria, preferebiy gram posi«ve bacterie 

The composition and antimicrobial polypeptide of the Invention may be used as an 
TantT veteran or human therepeubc o, prophytaCc agent. Thus the 

suTLtrr * Pm ™ aC ° C * ,hB «"*"" - "*"*•" «eCions. 

such as bactenal or fungal .nfeotions. pmferably gram positive bacteria, infeaions. ,„ parbcuto 

the microbial infers may be assodated wHh lung diseases including, but no, CTto 

:r rr-sr* 8 and — -— — - * ~ - 

Poiypep^e ~r. ,he inVen "° n ~ a " — ~* - - — — 
antentcrobta pdypepbde comprising the amino ecid sequence shown as amino acids 1 to 18 

NM8 to SEQ ID NO:46, or a fragment or a vartent thereof, which is sufficient to inhibit growth 
of the microorganisms in question. a«"win 

The invention also relates to wound healing compositions or products such as 
In vitro sy nthoclQ 

The antimicrobial peptides of the invention may be prepared by in v»o syrrthesis. using 
oonventtonal methods es known In the art. Various commercial symhetic apparatoses are 

u nlt'tb ' r mP ' e aUtomated * ** d Bl °~ **•• " 

us ng synthesizers, naturally occurrtng amino adds may be substituted with unnetural amino 

TtTTJ lWSOme,S ( ° r D - , ° rmS) e * - °-~e. dlestereolsomT 

s de chains havtng different tengths or function-es, end the like. The particular sequence 

end 2 irr" 8 ' PrePara,i0n 68 <te,e,mi,,ed " y C ° nVBn,enCe ' 9C0n0m,c8 ' purt * 

Chemical linking mey be provided to various peptides or proteins comprising 

format™, e.g. reducbve amlnatlon, thiol gmupa for thither or disulfide formation, carboxyi 
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groups for amide formation, and the like 

*sate punned ^ HC exltTT ^^^^"standme 

» used win comprise at teas, 20% by welaht of 11- "mposiaons which are 

75% by „e igM , preferably a , tea *^'* *" *T* Pro * JC '' «■* a. teas, abou, 
al teas, about 995% by we^, , — h1 ' and ^ «^apau«c purposes, usually 

prepare, jp^i^tpT^r; r m,nan,s re,a,ed ,o - — - - 

total protein P ^ nflCatK>n - Usuall >'' "» Pontages will be based upon 

Animal FppH 

--i'srrrs rr, :~ r ^ - ~ — 

comprising ^ean^bialpoiypap^cCrnyir ^ *" ^ 

embodiment, the animal is a non-fuminant animal '" 3 part,CJlar 

e,. p, gs „ ^ ^^TL^rrr a,s , ineW9 

poultry such as turkevs *nH nhv* , . ' P 9 ' etS ' 9rowln 9 P^ 5 - and sows); 

cah.s ; and fe h 0^^^," " 10 — -i 

added to n lc: :r::r r r ; ,crob,ai p ~ e ' *• - -» * — ■ - 

means that ,„ e an 8 m cn^a, " 6 
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from .nterferlng or contaminating other antimicrobial poiypeptides. The term do,. 

refers in particu.ar to the objective of obtaining consistent and co^stantTlt Tf 

capability of optimising dosage based upon the desired effect * ** "* 

3 Pure- it^^TnlTl! ^ '~' *" antim,Cr ° bla ' P ™* — "* be that 
J^IZZIT " ~ " Wh ' Ch ~ * «« bS te ™* - antimicrobia, 

-ecti^ 

one or more intermediate complZ s^T as * ^ h * * 

' subsequently added to the feed for Z, ♦ 65 ° f PremiX6S * rt is 

described above refe. to thl oul l h " 8 ^ ^ of ■»* 

^^^^ZTZL^ 009 antimlcrobia, po,ypeptide pr — 

Antimicrobial polypeptide preparations with purities of this order of ma „„i h h 
enzy™T an " ,, " 0,Obb, POlyPePMe "»» - — ■» v*h ofner 

mpeseedmeal. ' * 38 S ° y bean meal ' ,u P |n meal and 

--r^rrrnrrx: — — — 

Omar ™ of vegetable protein sources are ra peseed, and cabbie. 
Soybean Is a preferred vegetable protein source 

oa,. jssr'sr pr °" n — are ^ - - -* -* - 

The antimicrobial polypeptide can be added to the feed in anv form ho » 
* ^d. ,.a. ,n me form of an lma i teed addles, such as tte sorted pn^lxes for 
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animal feed. 



In a further aspect the present Invention relates to compositions for usa in »„• , t , 
such as animal feed, and animal feed additives, e.g. premixes ^ 

10 3.2.1.4. ' 9a,actanases ec and/or beta-tfucanases EC 

Examples of other antimicrobial peptides (AMP's) are CAP1A i • a T . 
Examples of other antifungal polypeptides (AFP'*\ a 

The following are nonexclusive lists of examples of these components- 
30 e. g . vto^T °' ~ - Vtemi " * ~* «■ *"* E. an, vHan*, K. 

vtaminK tTJt "IT ^ ™ V * amin B12 ' btoSn " *** B1. 

m ' Panlh0,henate - a -9- Ca-D-panthoftenate. 

■ ^ Examptes of ^ minerals are ^ ^ ^ ^ ^ ^ 

W Th. „ .T^"* °' ™ Cr ° m ' neralS 8re ° alciUm ' P^oorus and sodium. 

WO 01/5827S. Nutnbonal requirement means that these component 
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should be provided In the diet in the concentrations indicated. 

In the alternative, the animal feed additive of the invention comprises at least one nf 
the IndMdua, components spectfed m Table A of WO 01/58275. At leas, one ml^ of 

ZZ "I 0 ' 6 ' W ^ or ^tee, or tour and so forth up to a» Wrtew , orTtoTZ 
nd,vwua mmpmmb , More specmoa „ y m a , ^ con,^,^^ 

he addtttve 0 f me invention in such an amount as to provide an in-feedll^vl 
«he range ,nd,cated in column four, or column Ave. or column si* of Table A 

The present invention also relates to animal feed compositions Animal feed 
compositions or diets have a relative,, h *„ oonten, of protei , ^ S^Z JZ 
hereof 3, lndteated ,„ Tab , 9 B rf WQ „ * pi'.SrZ be 

t^rectedsed as indicated ,„ column 4 of thls Table B. Furthermore such fish «s Z£ 
haveaeredefatcontentof200-310g/kg. * 

5 o^oirrd f nir mposi,ion acoortins ,o ^ * nven «° n has a — **** «** <* 

herein " mP *" * ' 9a5t ° TO ■**""■ - claimed 

am™, ™ h6 ' m0re ' ° r 9,6 altema,lve «° *e cn.de protein content indicated above) the 

o7o 1 2oTl 01 ° a ' dU ' n °' °- 1 - 200 «*" a "*« a «-« <* avaiiabte pLphorvs 

of 0.1-200 g/kg; and/or a content of methionine of 0.1-100 o/ko- and/or » rJ! . , 
n^tenlna p te cysteine ofo.,-150 g/kg; and/or a c-ten.o, JoTcsT^ °' 

in particular embodiments, .he content of metebolisabla energy, at,*, p rote in cateium 
Phosphorus , methtonine. methionine pius cysteine. and,or *s,ne is tin any Z of ^gesl' 
3, 4 or 5 in Table B of WO 01/58275 (R. 2-5). 

Crude protein is calculated as nitrogen (N) multiplied by a factor 6 25 ie Crude 

«z sir: 2 : r niiro9en — * — * - ££££ 

Metebollsable energy can be calculated on the basis of the NRC publication Nutrient 
^uaemente In s*ne. ninth revised edition 1988. subcommittee on svrfne nuafflon J^Z 

WalZ Tr ^ ^ a9riCU " Ure ' na " 0nal — — ■ N— A^de" 

; ** ^ EUr0Pean ^ °' 6neW Valuaa * Feed-s^ ' 
Speuerholt centre for poult* research and e»denslon, 7361 DA Beekbemen The 

Netherlands. Gransch badrtjf Ponsan * loo^n bv. Wagenlngen. ISBN 90-714^-5 

The dietary content of calcium, available phosphorus and amino «rtrf« ,„ „ , , 

anima, diete „ oaiculated on the basis of feed table's such as Veev^Zbeitg ZZl 

over cnemische samenstelilng, verteerbaarheid en voede^aardeTn Z e'rnT? 

Centra, Veevoederhureau. Runderweg 6, 8219 pk Leiystad. ,SBN 9^9 13 T 
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in a particular embodiment, the animal feed composBion of the Invention contains at 
least one vegetable protein or protein source as defined above 

5 ZT » ™ ; W *** S0 ' 13hUm: and/or °- 70% «*•* «"*or 0-70% Barley 

Z2,dM "* °- 10% «* — and,orO-20 % C 

•»n*d feed-stuffs era mixed and sufficient amounts o, essentia, vitamins and minerals are 

sohd or lK,u,d enzyme formulations. Forexample. a so«d enzyme formulae is typically added 

Panetrng step, the enzyme may also be incorporated In a feed additive or pramix 

The final enzyme concentration In the diet is within the range of 0.01-200 ma enzvme 
P»te,n per Kg die, * -example ,„ the range of s-30 mg enzyme pin per kg ZZ, dleT 
.5 am n „n, « ant,mlCr0b ' al POlype! " lae ■» administerad in one or mora of the following 

Z2£T ran99S): 001 ' 20 * w 00W00; or 0 06 - 100; - "o 5 - 50 '- - * 

these ranges bemg m mg antimicrobial polypeptide protein per kg feed (ppm) 

PoMteptld. » punfied from the feed composition, and the specific activity of th e ourtfied 

2o atzir b de,ermhed "*« a ^ as - <- o^zzz 

Zl^T' r Say8) - ^ an,imlCr ° te ' aC '^ " tha «~n as such Is 
*o determmed ua,ng the same assay, and on the basis of these ta* determinations the 
dosage ,„ mg antimicrobial pdypeptide protein per kg teed Is calculated 

addit^cTl^T d8tem, *" n8 "* am "^ WO*™* h *- 

addrtves. Of courae, if a „ „ ^ polypeptide used for 

nZ 9 ^ r W ,h8 ** ^ SP8CWC «** te L sarnie £ 

need to punfy the antimicrobial po.ypep.kta ftom the feed composition or ta additive) 

Detergent mrp r n.»j^ 

The antimicrobial polypeptides of the invention may be added to and thus bee™™ = 
30 component of a detetgent composition. aooed to and thus become a 

or maaT ,T" C0mP0S * l0n " ' hB inVBn,l0n ™* '° r example 06 'o™" 1 ^ as a hand 
praClTr, including a iaundry additive composHton suitable fo 

Z^TT * W " ^ 3 rinSe added fab * "*~r composition or be 

termu ated as a detain, composition tar use in genera, household hard surfacing 

opera U ons.orbe,ormuta.edforhandormachinedisnwashingopera«ons 9 

«r • V. SPeCm ° aSPeC, • ,h8 inVentlon provldes a de ^ent additive comprising the 
anfm.cmbia, pomades of the invenflon and a surfactant. The detain, addTe Z " 
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^ detergent composition may ^ „ ^ ^ 

"pass, e cuSnase. an amylase, a carbohydrase. a cellulase, a pactlnase a J„ 
arablnaae. a galactenase. a xytanaaa. an oxidase (such as a 1^ ™ ^ " 
(such as a haloperoxidase). d/or a P 6ro « d *» 

5 sa^edXXlTo? °' ^ enZyme<S> S>mM be * * »» 

^7^;^ Novo ' suMiisin ca,teber9 ' «* 

tryp.Merr2r„t ,n 89/o6279) - * p--— - 

15 aTwo ^ ° rt8in) ^ - F ~ — *- ^ WO 89/06270 

o.^ EXamPteS USe ' Ul Pr0teases are "» described In Wo 92/19729 wo 

r? 0 trr° 116, and wo 98m946 ' - i—r,; z 

~ - - * 3a. 3, 7, 37. 97. 10 , ,04. ,20. ,23. ,67. 

20 «m27Z££ *T ,n0,Ude ° f bac,e,ial or cha "«^ 

iTpTs from 1^,7 mU,an,S ' ndUde<i - Exam * s <* *— include 

1^. zt^:t^z^t z t^ 

25 oepac/a (EP 331 376), P sfufeerf (Gr , „t, „,„, „ ,, '■''"aenes (tp 218 272). P. 

705 (WO 95/06720 «T v!no^! 1 >' * on, ««»- "^"omonaa sp. stain SD 

WO 95/06720 and WO 96/27002). P. Msconsl^s/s (WO 96/12012) a Sacffl us li„»~ 
e.g. from 8. suW „ & (Dartois e, a.. (1993). Biochenfca et Biophysica Z 1,3 ^ Tp 

30 94/0, 5 4?ppT„7^ liPa8e Varia '" S ^ 88 deSC * ed WO 92/05249 WO 

30 94/0,54,. EP 407 22S. EP 260 105. WO 95735381. WO 96/00292 WO 95*07.1! » 

94/25578. WO 95/14783. WO 95/22615. WO 97/04079 and WO TO2 ' ^ 

Amylases: Suitable amylases (alpha and/or bete) include those of bacterial or funoa, 

"T" w pro,ein en9ineered " are *— • ° 

35 zarrsrsr — * e - 9 - a — sb * - * — • 

< M „»„? a,, " >,eS ° f USeft " am> " aSeS are ,hS Varianls *«*ed In WO 94/02597 WO 
94/183,4. WO 96/23873. and WO 97/43424. especial* - variants with subs" Z 
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ssss====s 

bene JrZltl'rr " ^ " ^ «— « 

as those described in WO Mom ^ 0^'^ ^ ™ ^ "* 

or fum T aMa T OXMaSeS: SUi,able I"""*-*-*-. Mud. those of plant baoterial 

s^araridd^tn™ ^ * * 3 - ~»« ™'«- * 

oo^Prtsl a» o^»r 9 " enZymSS - ° r * " additive 

o™rI 2r A <,ete ' ge^, ^ * ™ anttoa ' ' a -P"* add, J 

4 66, J^TT* 9ranUlate5 ^ ProdUCed ' 6 ' 9 - aS - US 4 106 991 and 

4.661.452 and may optional* be ooatad by methods known In the art ExamZ - 
coating materia* are po W e*y,en. oxide, ptoducto (polyem ^0^ T E ^1 
molar weights of 1000 to 9nnnn- ^ , * J w»'y«inyienegiycoi, PEG) with mean 

enzyme, may be prepared aooordlng to the method dlsotosed In Ep 238 216 

a wJ? IT" COmPOSi " 0n ° f 0,8 lnVen,l0n may 156 ln an * «»nvenient torn, e g a bar 
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The detergent composition comprises one or more surfactants, which may be non fono 
lnc.ud.ng semi-polar and/or anionic and/or cationic and/or zwitterionic tI L " 
typica.lypresentata.eveloffromo.io/otoeoo/obyweight ***** *'* 

When included therein the detergent wi«l usuaHy contain from about i% to about 40>/ 

S=5=£S?==s: 

of a tntr^ in ' hedete * em ^^^^ 

~» "jest "itt. mb * *■ bui,der ° r *** «* « 

ma^c acid copoiyme. and ^ ^JJ^^l^ 

The detergent may contain a bleaching system which may comprise a H202 sou,~ 
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and most preferably 0.1-1 nig of enzyme pr o le ,„ „ ite, of wash llqour 

The antimicrabial polypeptides of the invention may edditionelly be inoorporated in the 
detergent formulations disclosed In WO 97/n7wv>^hi-Ki.u .. , '«"Porated in the 

so in wo 87/07202 which Is hereby incorporated as reference. 

EXAMPLES 

10 reagent" ""' " ""^ "~ — — P"** of a, teas. 

EXAMPLE 1 

Cloning, expression and activity ruination nf a » antlgTlcrgbjal noivn.nt,^ (Gengj 
15 Zoning of synthetic a«n» »n^ odinq Qftn9 

acavlty ' n JZ 'a an " mlCr ° , * ! " ^ (SEQ 10 NO:2 > «* — 

TtT maae (Me be,ow) and inserted into *• — - 

Synthetic gene encoding Gen2 (SEQ id NO-47)- 

r rrrr r r r r oc ° m «»™«« mOTrM 

^ A A K IC a t. 



KK ALKHVL 



25 Primeii (SEQ ID NO:49)- 

~ Geo ^ — ~ »»« ggcggcgaaa 

AAAGCGCTGA AACATGTGCT GTAGCTCGAG ATTATT 

Primer2 (SEQ ID NO:50): 

30 ™TAATCTCG AGCTACRGCA CATGTTTCAG CGCTTTTTTC GCCGCCTTCT TCAGTTTGCT 
. CAGCAGGCCT TCCGCCGGAT CCAGCATCTG AATAAT TCAGTTTGCT 

. Enzymatic digestion of flanking restriction endonuclease sites (AIwNI / Aval) enabled 

>5 desenbed by me manufacturer, New Engtend Blofebs Inc.). All standand pretocols havetJn 
desenbed elsewhere (Sambrook, Frilsch, and Maniatis. 1989) 



-34- 
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Transformation and Ex pression nf q e n2 in p go// 

Recombinant pET31b + was transformed into E coU Novablue as described by the 
manufacturer (Novagen). Plasmid was prepared by QIAprep Mini Columns (QIAGEN Inc ) and 
sequenced by automated sequencing using plasmid specific primers (Primers and Prime*)- 



Primer3 (SEQ ID NO:51): 
TGCTA GTTAT TGCTC AGCGG 
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Primer4 (SEQ ID NO:52): 
ACCGT AGTTG CGCCC ATCG 



Plasmid was transformed in E coli BLR-DE3 according to the manufacturer (Novagen) 

STTkT T ivated ln LB media t0 OD6oo ~ 0 - 8 and reoomblnant p rotein s — « 

ntoated by i mM ,ptg (Isopropy. beta-D-Thioga.actopyranoside). Upon 3 hours of induction 

re " SUSPended h 1/10 V0,ume ™« A (50 mM Trls-HC, 1 mM EDTA, 
100 mM NaCI, pH 8) and lysed by pressure disruption (1500 mBar). Resulting pellet was 
washed twice in buffer B (50 mM Trls-HC., 10 mM EDTA, 0. 5 o/ o TritonX-100, 100 mM NaCI, P H 
8). ^.standard protocols have been described elsewhere (Sambrook, Fritsch, and Maniatis, 

Purification of Gen2 fm T f. coif Innhminn hr^e 

The pellet resulting from the above purification contained purified inclusion bodies. To 
Lberate the peptide from the KSl fusion partner, acid hydrolysis was performed on an 
eng.neered Asp-Pro site, introduced N-terminally to the gene encoding Gen2. Inclusion bodies 
were re-suspended in 100 mM sodium phosphate (pH 2.3) and incubated overnight at 85 
degrees Celsius. Resuiting supernatant contained peptide (PAE-Gen2). The sample was 
neutralized by adding 100 mM sodium phosphate (pH 12.3). In order to maturate the peptide 
the peptide was treated with a glutamyl endopeptidase I (from 8. lioheniformis). The maturated 

chtft WaS h| °° nfirmed by spectrometry and further purified by standard 
chromatographic procedures. 

Antimicrobial activity hv R a rfi a | Diffusion Ac Cay (mco| 

A modified version of a previously published protocol has been applied in the detection 
of antimicrobial activity (Lehrer et a.., (1991, Ultra sensitive assays for endogenous 
ant.m.crobial polypeptides J Immunol Methods 137: 167-173). Target bacteria (10* colony 
forming unite (CPU)) were added to 10 ml of underiay agarose (1% iow electro-endosmosis 
agarose, 0.0 3 o/ o Trypticase soy broth, 10 mM sodium phosphate, P H 7.4, 37 degrees Celsius) 
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Suspension was solid fied on an INTEGRin ~, . 

n . o u te °ID Petn Dish Becton Dickinson Labway a ^ mm 

Gel Puncher was used to make hole* in th« , w . «-«*oware). A 3 mm 

overlay was poured on too and the nta... , oogrees Celsius, 3 hours. An 

AntWcrobl/ac^vlten as^cT.T ^ <LB medla ' 7 5% A 9 a "- 

countered by Z^TTT ^ ' h8 "* Uv ** ~'' a «« 

agalns, bom & ^t^'* ^ ~ a «""* «W> o, Gen 2 
EXAMPLE 2 

Evaluation of anfimirrn hial arth/ity 

ft—* T n9S * 8ynB,e1 ' C an " mlff0bla ' Polypeptides were expressed tn E «* TOP10 

"Hcrotter plate and ZfbZ ^^TS r~T ( °' ° ° r ln a 

was monlL* h ^ ^' SlUS "* "to 0 ™" shakl "S- Too 3™vth curve 

was monitored by measuring OD450 using a Bioscreen C Microbiology reader (Therm! 

Thaner t T ^ "« Composition) 

control vecfcr and ^ZZZZZZ^T ^ ^ 
sample OP -blank OP 



0- 



x100 



30 



control vector OP - blank OP 
where "blank OD" corresponds to the OD of an empty well 

in TableT ^ SeqU6nC6S " ^ ^ impr0Ved variants are listed 



Table 1. 



Amino acid sequence 



SEQ 
ID 

NO: 



Growth inhibition 
using 0.01% 
arabinose 

(%) 



Growth inhibition 
using 0.1% 
arabinose 



-36- 
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GLLS KLKKAAKKALKHVL (Gen2) 
[ GLFTKLRKATKR I LEHVL 

GLLKTIRK KIKRVLKHVR 

GLWRKLKKAL KRAVQGVR 
I GMLSKLGITIKIAVKHIR 



! GWFSKLKKTAKKL LQRVL 
| GMLRKLKRKV KRTLQHVL 
GLPS I IMRAVKKVWQRVR 



GLLRKLGKKI KRWKHVG 
j GWFNKLKTKI KK TLKHVL 

GLLEKLRKALKRILQHVL 
: GLWRKLRRKAKKV LQHIL 
[GLLSRLRRATKI ILKGIR 



IGLWNMLKKKLKKI AQGI R 



GLLSKIMKAVK RTLKHIL 
GMLIKLBMEA KKWKNVL 
GLLNKIKKTIKRAVQHVL 
! GLLSKLKKTVKRWKHVR 



! GLLSKIRKKLKRVLQSIR 



J GLVTLLKKAMKNALEDVL 



| GLLRKIKMKAKKVLKNIL 



GLFRKLRKKVKKVLKHVL 



| GLLSILKRKSKRIL KHIL 
GILNI IGR AVKTVLES IR 
[GLLSMLGKAVKRAVQHVL 



GILNKLRKKLKRVLQRIL 



GLLSKLGKAVKNI LED W 



GLWSSIKKEAKHALKHIL 



GLLSKLKRKIKKAVKHIL 



I GLFRKL KKT I KRVLKHVP 
! GLFSLLRKTI KK VLQHIR 
GLLNKLKRALKK WKHVR 
[GWLRKI GKAVKKWKRVL ' 



2 
3 
4 



6 



7 
8 
9 



10 
11 



12 
13 
14 



15 



16 
17 
18 



19 
20 



21 



22 



23 



24 
25 
26 
27 



28 
29 



30 



34 



51 
81 
96 
91 



98 



91 



73 
89 



98 
72 
91 



84 
98 
55 



82 



90 



48 
87 
99 
96 



100 
82 



100 
90 
97 
100 
88 
88 
99 
99 
92 



99 
94 
99 
83 
98 



97 
100 
81 



95 



94 
99 
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GLLGKLKRKIKKALEGIR 




-jmsisLs: — * - an - — — — 
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CLAIMS 



Modtaget PVS 
2 0 jUNI 2003 



10 



in sUtr; rcit r compris,ns the amin ° «* - - «• 

, ° N x ° ' ' °/ a Y fra v 9m thereof 0f at least 1 * amino acids having antimicrobial activity: 
wherein 

Xi = L, I, W or M; 
X 2 = L, F.WorV; 
X3 = S, G, K, T, R, I, N.DorE; 
X» = K, T, F, I, R, M.LorS; 
X 5 = L or I; 
X 6 = K, G, R, M or E; 
Xt - K, S, I, R, T or M; 
Xe = A K, T, N, R or E; 

15 X 9 = A.G,S I l,L,T > V,MorW; 
Xio a S, R, K or E; 

Xn = K, M, R, H, I, NorT; 

X12 = A, V, I, L, Y, F or T; 

X 13 = L, A, G, C, F, V or W; 

X« = K, Q, A, S, R or E; 

Xi S e H, G, N, R, S, M, I, V or D; 

Xie = V, I, AorF; 

2 = X 1? or X ir R- W -L; wherein X 17 = F, L, R, A, G. V, Y, C or P- 
25 UoZ erein ^ ^ ^ UP ^ P0 '~ - 'ncependently selected from 0 or 



20 



coasts of 18 ammo aoKte and which la extended by the amino acid sequence R-W-L- wherein 
3q ^ a ™° ^ u » - "°^P«e are Independent* setecfed from D or L ,oS 

* sea ^T* * WWC " C0nSl8te * ' he am ' n ° acMs of anyone of SEQ ID N «:1 <° 

5. A polynudeoade ha*ng a nucleotide sequence which encodea for me pomade defined 
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in any of claims 1-4. 

L1T' C aC ' d *• sequence defined m claim s ope ra b,y 

7. A recombinant expression vector comprising the nucleic odd construe defined in ctalm 6. 
^ 8. A recombinant host cell comprising me nucleic acid construd defined in daim 6. 

intrr fw proc,uoin9 a po,ypep,,de m ^ ,n -» * ««™ «■ - 

15 (b) recovering the polypeptide. 

10. A composition comprising an antimicrobial potypaptide es defined In any of claims 1-4. 
^ 1 1 . The composition of daim 10, which further comprises an additional bioddal agent. 

nwobtal cells wrth en antmidobal polypeptide as defined in any of claims 1-1. 

14. An antimid-obia, poiypeptide as defied in any of Calms M for use as a medicament 

» lIl^r^TT: 38 defined h any - da,ms ^ ,or »• - - «— <- 

veterinarian or human therapeutic or prophylactic agent. 

16. Use of an antimicrobial polypeptide as defined in any of claims 1-4 for use in th« 

■ K-sr — *— - - - — - ~ 

35 

mszzzr p * ypepHde 33 d8flned ,n any °' c,a,ms m * — - «- • 

-40- 
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18. A transgenic plant, plant part or plant cel., which has been transformed with a nucleotide 
sequence encoding a poiypeptide having antimicrobial activity as defined in any of ZTET 

5 I^Use of at least one antimicrobial polypeptide as defined in any of claims 1-4 in animal 

20. Use of at least one antimicrobial polypeptide as defined in any of claims 1-4 in the 
preparation of a composition for use in animai feed 

10 

21. An animal feed additive comprising 

(a) at least one antimicrobial polypeptide as defined in any of claims 1-4; and 

(b) at least one fat soluble vitamin, and/or 

(c) at least one water soluble vitamin, and/or 
15 (d) at least one trace mineral, and/or 

(e) at least one macro mineral. 

22 The animal feed additive of claim 21, which further comprises phytase xylanase 
galactanase, and/or beta-glucanase. xyianase, 

20 

2B. An animal feed composition having a crude protein content of SO to 800 g/kg and 
compn.inflatleaa.oneantimicrobiaiporypeptldaaadeflnedinanyof claims,-,. 
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ABSTRACT 



The present invention relates to polypeptides having antimicrobial activity and 
polynucleotides having a nucleotide sequence which encodes for the polypeptides The 
invention also relates to nucleic acid constructs, vectors, and host cells comprising the nucleic 
acid constructs as well as methods for producing and using the polypeptides 
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SEQUENCE Iil STING ^OdtaQef P\/Q 

<110> Novozymes A/3 20 " 

<120> Antimicrobial Polypeptides ^ 2003 

<130r> 10496. 000-DK 
<160> 52 

*170> Patentln version 3.1 

<2io> i 

<211> 18 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial polypeptide 
<220> 

<221> MISC FEATURE 

<222> (2) .7(2) 

<223> xaa = leucine, isoleucine, tryptophane or methionine 
<220> 

<221> MISCJFEATURE 

<222> (3).. (3) 

<223> xaa - leucine, phenylalanine, tryptophane or valine 
<220> 

< 2 2 1 > MIS COFEATURE 

<222> (4).. (4) 

<220> 

<221> MIS COFEATURE 
<222> (5) . . {5) 

<220> 

<221> MISC_FEATURE 

<222> (6) _ ( 6) 

<223> Xaa = leucine or isoleucine 
<220> 

<221> MISC FEATURE 

<222> (7) .7(7) 

<223> xaa « lysine, glycine, arginine, methionine or glutamic acid 
<220> 

< 2 2 1> M IS COFEATURE 

<222> (8) . . (8) 

<223> xaa , lysine, serine, isoleucine, arginine, threonine or methioni 
<220> 

<221> MISCJFEATURE 



- 1 - 



«222> (S)..(9) 



<220> 

«22l> MISC FEATURE 
<222> (10)7. (10) 

<223> xaa =» alanine, glycine s^v-t^ i 

aline, methionine*^ te^St. 1 " ° leuclne ' leuc ^ threonine, v 

<220> 

<221> MISC_FEATURE 
<222> (11).. (ii) 

<223> xaa . serine, arginine, lysine or glutamlc acid 
<220> 

<221> MISC_FBATURE 
<222> (12).. (12) 

<223> Sne = or y ?n?eonTne hi ° nine ' " 9inine ' ^stidine. isoleucine, aspara 
<220> 

<221> MISC FEATURE 
<222> (13)7. {13) 

<223> ne a or JnSontne™ 1 * 1 *' leucine, tyrosine, phenylalani 

<220> 

<221> MISC FEATURE 
<222> (14)7. (14) 

<223> 2\^££i ale " 1 " e - cy««i„e. phen y la limine , w1m 

<c220> 

<221> MISC FEATURE 
<222> (15)7.(15) 

««3> Xja . lysine . 9luta „ iaei alanlm serin9 _ srainine _ ^ 

<220> 

<221> MISC FEATURE 
<222> (16)7. (16) 

<220> 

<221> MISC FEATURE 

<222> (17)7. (17) 

,223> xaa = valine, isoleucine, alanine or phenylalanine 
<220> 

<221> MISC FEATURE 

<222> (18) 7. (ia) 



<223> 



^^-cLe^a^ wherein , . phenylalan 

me or proline ' aaanine ' glycine, valine, tyrosine, cyste 



- 2 



<:400> 1 



Oly Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 

10 15 



Xaa Xaa 



<210> 2 

<211> is 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 2 



Gly Leu Leu Ser Lys Leu Lys Lvs Ala zn* t„« t 

1 xiye ^y S Ala Ma Lys Lyg ^ ^ 

10 15 

Val Leu 



<210> 3 

<211> is 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 3 

Gly Leu Phe Thr Lys Leu Arg Lys Ala ^ r Ly8 ^ lle Leu fflu H±9 

10 15 

Val Leu 



<210> 4 

<211> is 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 4 



Gly Leu Leu Lys Thr He Arg Lys Lys n e Lys Arg v a l Leu Lys His 

10 1S 

Val Arg 



<210> s 
<211> is 
<212> PRT 



- 3 - 



<213> Artificial 
<220> 

<223> Synthetic antimicrobial peptide 
<400> 5 

«Y Leu Trp Arg Lys Le « Lys Lys Ala Leu Lys ^ ^ ^ ^ 

10 15 

Val Arg 



<210> 6 

<211> 18 

<212> PRT 

<213> Artificial 

<220> 

<223> synthetic antimicrobial peptide 

<400> 6 



Gly Met Leu Ser Lys Leu Glv lie Th*- t 

2 g y ijeu uxy lie T hr lie Lys He Ala Val Lys His 

He Arg 



<210> 7 

<211> 18 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 7 



My *, Ph. se r Lys Le u Ly, , y . ar „. LyB Lys ^ ^ ^ ^ 
Val Leu 



10 15 



<210> 8 

<211> 18 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 8 



Jly Met Leu Arg Lys Leu Ly8 ^ Lya ^ ^ ^ ^ ^ ^ 

10 15 



Val Leu 



<210> 9 

<211> 18 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 9 

Gly Leu Phe Ser lie He Met Arg Ala Val Lys Lys Val Trp Gin Arg 

10 15 

Val Arg 



<210> 10 

<211> 18 

<212> PRT 

<213> Artificial 

<220> 

<223> synthetic antimicrobial peptide 
<40Q> 10 

Gly Leu Leu Arg Lys Leu Gly Lys Lys He Lys Arg Val Val Lys His 

10 15 

Val Gly 



<210> 11 

<211> 18 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 11 

Gly Trp Phe Asn Lys Leu Lys Thr Lys lie Lys Lys Thr Leu Lys Hi, 
5 10 15 

Val Leu 



<210> 12 

<211> 18 

<212> PRT 

<213> Artificial 



<220> 

<223> Synthetic antimicrobial peptide 
<400> 12 

Gly Leu Leu Glu Lys Leu Arg Lys Ala Leu Lys Arg He Leu Gin His 

- 5 - 



1 



5 



10 



15 



Val Leu 



<210> 13 

<21l> 18 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 13 

Gly Leu Trp Arg Lys Leu Arg Arg Lys Ala Lys Lys Val Leu Gin His 
5 « 15 

lie Leu 



<210> 14 

<211> 18 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 14 

Gly Leu Leu Ser Arg Leu Arg Arg Ala Thr Lys He He Leu Lys Gly 
5 10 15 

He Arg 



<210> 15 

<2X1> 18 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 15 

Gly Leu Trp Asn Met Leu Lys Lys Lys Leu Lys Lys He Ala Gin Gly 
5 10 15 

He Arg 



<210> 16 

<211> 18 

<212> PRT 

<213> Artificial 

<220> 



- 6 - 



<223> Synthetic antimicrobial peptide 
<400> 16 

Gly Leu Leu Ser Lys lie Met Lys Ala Val Lys Arg Thr Leu Lys His 

10 15 

He Leu 



<2XQ> 17 

<211> 18 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 17 

Gly Met Leu lie Lys Leu Glu Met Glu Ala Lys Lys Val Val Lys Asn 

10 • 15 

Val Leu 



<210> 18 

<21l> is 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 18 

Gly Leu Leu Asn Lys lie Lys Lys Thr lie Lys Arg Ala Val Gin His 
b 10 15 

Val Leu 



<210> 19 

<211> 18 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 19 

Oly Leu Leu Ser Lys Leu Lys Lys Thr Val Lys Arg Val Val Lys His 
Val Arg 



<210> 20 



<211> 18 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 20 

Sly Leu Leu Ser Lys lie Arg Lys Lys Leu Lys Arg Val Leu Gin Ser 
5 10 is 

tie Arg 



<210> 21 

<211> 18 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 21 

Gly Leu val Thr Leu Leu Lys Lys Ala Met Lys Asn Ala Leu Glu Asp 
5 " 15 

Val Leu 



<210> 22 

<211> 18 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 22 

Gly Leu Leu Arg Lys He Lys Met Lys Ala Lys Lys Val Leu Lys Asn 
5 10 15 

He Leu 



<210> 23 

<211> 18 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 23 

Gly Leu Phe Arg Lys Leu Arg Lys Lys Val Lys Lys Val Leu Lys His 
5 10 is 



- 8 - 



Val Leu 



<210> 24 

<2ll> 18 

<212> PRT 

<213> Artificial 

<220> 

<223> synthetic antimicrobial peptide 
<400> 24 

Gly Leu Leu Ser lie Leu Lys Arg Lys Ser Lye Arg lie Leu Lys His 

10 15 

He Leu 



<210> 25 

<2li> is 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 25 

Gly lie Leu Asn lie lie Gly Arg Ala Val Lys Thr Val Leu Glu Ser 

10 15 

He Arg 



<210> . 26 

<211> 18 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 26 



Gly Leu Leu Ser Met Leu Gly Lys Ala Val Lys Arg Ala Val Gin His 
Val Leu 



5 10 15 



<210> 27 

<211> 18 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 27 



Gly He Leu Asn Lys Leu Arg Lyg Lys Leu Lys Arg ^ Leu 

5 10 15 



He Leu 



<2io> 28 

<211> is 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 28 

Gly Leu Leu Ser Lys Leu Gly Lys Ala Val Lys Asn He Leu Glu Asp 

10 15 

Val Val 



<210i> 29 

<211> 18 

<212> prt 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 29 

Gly Leu Trp ser Ser lie Lys Lys Glu Ala Lys His Ala Leu Lys His 

10 is 

He Leu 



<210> 30 

<211> 18 

<212> Prt 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 30 

Gly Leu Leu Ser Lys Leu Lys Arg Lys lie Lys Lys Ala Val Lys His 
S 10 15 

He Leu 



<210> 31 

<21l> 18 

<212> PRT 

<213> Artificial 



- 10 - 



<220> 

<223> Synthetic antimicrobial peptide 
<400> 31 

Gly Leu Phe Arg Lys Leu Ly 8 Lys Thr lie Lys Arg Val Leu Lys His 
5 10 15 

Val Pro 



<210> 32 

<211> 18 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<:400> 32 



Gly Leu Phe Ser Leu Leu Arg Lys Thr lie Lys Lys Val Leu Gin His 
He Arg 



s 10 15 



<210> 33 

<211> 18 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 33 

Gly Leu Leu Asn Lys Leu Lys Arg Ala Leu Lys Lys Val Val Lys His 
5 10 15 

Val Arg 



<210> 34 

<211> 18 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 

<400> 34 



Gly Trp Leu Arg Lys lie Gly Lys Ala Val Lys Lys Val Val Lys Arg 
Val Leu 



5 10 is 



- 11 



<210> 35 

<2ll> 18 

<212> PJRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 35 

Gly Leu Leu Gly Lys Leu Lys Arg Lys lie Lys Lye Ala Leu Glu Gly 
5 " 15 Y 

He Arg 



<210> 36 

<211> 18 

<212> PRT 

<2X3> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 36 

Gly Trp Leu Lys lie Leu Glu Lys Al a Ala Lys He Thr Val Lys 
5 " 15 

Val Leu 



<210> 37 

<211> 18 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 37 

Gly Leu Leu Arg lie Leu Lys Lys Lys Ala Lys Lys Ala Leu Gin His 
5 10 15 

He Leu 



<210> 38 

<211> 21 

<212> PRT 

<213> Artificial 



<220> 

<223> Synthetic antimicrobial peptide 
<400> 38 

Gly Leu Leu Gly Lys He Arg Lys Glu Gly Arg Met Phe Trp Arg Val 

5 10 -I c 



15 



12 



Phe Arg Arg Trp Leu 
20 



<210> 39 

<2ll> 21 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 39 

Gly Leu Leu Arg Lys Leu Arg Lys Glu Val Lys Lys Val Leu Ser He 

10 15 

Phe Phe Arg Trp Leu 
20 

<210> 40 

<211> 21 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 40 

Gly Leu Leu Asn Lys Leu Lys Lys Asn Val Lys Asn He Val Gin His 

10 15 

He Leu Arg Trp Leu 
20 

<210> 41 

<211> 21 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic antimicrobial peptide 
<400> 41 

Gly Leu Phe Ser lie Leu Lys Arg Glu lie Lys Arg Thr Phe Ser Met 

10 15 



Phe Tyr Arg Trp Leu 
20 



<210> 42 

<211> 21 

<212> PRT 

<213> Artificial 



<220> 

<223> Synthetic antimicrobial peptide 



13 



<400> 42 

Gly Leu Leu Gly Lys Leu Lys Lys Glu Leu Lys Asn Val Leu Glu Hie 



10 15 



lie Tyr Arg Trp Leu 
20 



«210> 43 

<211> 21 

<212> PRT 

<213> Artificial 



<220> 

<223> Synthetic antimicrobial peptide 
<400> 43 

My He L« S .r j ya Leu ly8 tys Ma Ly „ ^ ^ ^ ^ 

10 15 



Val Leu Arg Trp Leu 
20 



<210> 44 

<211> 21 

<212> PRT 

<213> Artificial 



<220> 

<223> Synthetic antimicrobial peptide 
<400> 44 

Gly Met Leu Lys Lys Leu Lys Lys L ys Thr Lys ^ Ala phe 

1ft 



10 15 



Phe cys Arg Trp Leu 
20 



<210> 45 

<211> 21 

<212> PRT 

<213> Artificial 



<220> 

<223> Synthetic antimicrobial peptide 
<400> 45 

Gly lie Leu Ser Met Leu Glu Arg Arg Trp Ser Met xy r Cys Ser Ile 

1ft - _ 



Phe Cys Arg Trp Leu 
20 



<2l0> 46 
<211> 21 



- 14 - 



<212> PRT 

<213> Artificial 

<220> 

<22 3 > synthetic antimicrobial peptide 

<400> 46 

Gly He Leu Ser Lvs Leu tx,« t 

x £YS Leu Lya Lys Lys Ala Lys Asn Ala Val Lys Met 

10 15 



Phe cys Arg Trp Leu 
20 



<210> 47 

<211> 57 

<212> DNA 

<213> Artificial 

<220> 

<223> Synthetic Gen2 gene 
<220> 

<221> CDS 

<222> (i) . . (57) 
<223> 

<400> 47 



as a a s p a » -i H s s a e s 

9tg ctg tag 15 
Val Leu 



<210> 48 

<211> is 

<212> PRT 

<213> Artificial 

<220> 

<223> Synthetic Gen2 gene 

<400> 48 



«T «- teu ser p. Le „ lye Lya „ a ^ ^ ^ ^ ^ ^ 

10 15 

Val Leu 



<210> 49 

<211> 95 

<212> DNA 

<213> Artificial 

<220> 

<223> Primer l sequence 
<400> 49 

«ta ttM9a tgctggatcc otgctgagoa ^ agoggc3Ma 

- 15 - 



aaagcgctga aacatgtgct gtagctcgag attatt 



<210> 50 

<211> 96 

<212> DNA 

<213> Artificial 

<220> 

<223> Primer 2 sequence 
<400> 50 

*at.atct= 9 a 9 =ta=a 9 =a ca tg tttca 9 caettttttc 9 cc 9 ce t t<* tc . g «t 9 ct 
cagcaggcct tccgccggat ccagcatctg aataat 

<210> 51 

<211> 20 

<212> DNA 

<213> Artificial 

<220> 

<223> Primer 3 sequence 
<400> 51 

tgctagttat tgctcagcgg 

<210> 52 

<=2ll> 19 

<212> DNA 

<213> Artificial 

<220> 

<223> Primer 4 sequence 
<400> 52 

accgtagttg cgcccatcg 



;1 
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